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This series o f  reports i s  designed t o  f a c i l i t a t e  prompt 
repor t ing o f  data from studies conducted by the Alaska 
Department o f  F ish and Game, espec ia l ly  studies which 
may be o f  d i r e c t  and imnediate i n te res t  t o  sc ien t i s t s  o f  
other agencies. 

The primary purpose o f  these reports i s  presentation o f  
data. Descript ion o f  programs and data co l l ec t i on  methods 
i s  included on ly  t o  the extent  required f o r  i n te rp re ta t i on  
o f  the data. Analysis i s  general ly 1 i m i  ted t o  t h a t  neces- 
sary f o r  c l a r i f i c a t i o n  o f  data co l  l e c t i o n  methods and 
i n te rp re ta t i on  o f  the basic data. No attempt i s  made i n  
these reports t o  present analysis o f  the data r e l a t i v e  t o  
i t s  u l t imate or intended use. 

Data presented i n  these repor ts  i s  intended t o  be f i n a j ,  
however, some rev is ions may occasiona71y be necessary. 
Minor rev is ions w i l l  be made v i a  er ra ta  sheets. Major 
rev is ions w i l l  be made i n  the fonn o f  revised reports. 
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ABSTRACT 

A recent commercial i n t e r e s t ,  especial ly in herring (Clupea harengus 
pallasii) sac roe,  has prompted a study of major herring spawning ground 
areas in Southeastern Alaska. Specifical ly ,  the base1 ine information 
obtained will be used to  determine the f e a s s b i l i t y  for  developing a sur- 
vey method fo r  annually assessing herring escapement and documenting 
spawni n g  ground condi t ions .  

Total bio~nass of herring can be computed from estimates of egg dens i t ies  
combined with the area receiving spawn. A percentaqe of the estimated 
biomass can then be used as a harvest level f o r  the f ishery.  Actual spawn- 
ing time can be predicted as an aid in se t t ing  season openings. Visual 
estimates of density show promise in developing a f a s t  method f o r  evaluating 
spawning grounds. A large variat ion in  density was observed as the r e s u l t  
of the extent of egg deposition and subs t ra te  ava i l ab i l i ty .  A large vari-  
at ion in su i table  substrate (kelp and sea grasses)  avai lable was noted in 
d i f fe ren t  spawning areas. Depth of spawnings was observed from 1 1 2  t i da l  
depth to  36 foot  depth. Southeastern herring spawned a t  temperatures ranging 
from 41" t o  49" F .  Predation studies were not adequate t o  draw any meaningful 
conclusions. Photography was valuable in subs t ra te  and bottom condition doc- 
umentation. The spawning ground assessment function i s  the most important 
segment of the project.  Data generated i s  valuable in ef fec t ive  management 
of the resource. 



INTRODUCTION 

This i s  the third in a ser ies  of reports designed t o  discuss ongoing studies 
of herring (Clupea harengus pallasii) spawn production in Southeastern Alaska 
in which limited aerial  surveys on known spawning areas, including detailed 
comprehensive surveys on selected areas,  are summarized and discussed. The 
studies are a follow-up of investigations in i t i a ted  and reported by Blanken- 
beckler (1976; 1977) and are expanded from the 1976-77 work. They are 
designed to  col lec t  herring l i f e  history information and determine the 
f ea s ib i l i t y  of estimating the number of spawning herring from the i r  egg 
deposition. The quantifiable data will be compared to  hydroacoustical bio- 
mass estimates made prior t o  spawning, provide a data base for  estimating 
egg mortality, and provide an abundance estimate to  determine harvest quotas. 
Life history information includes the following: 

1 )  Vegetation type on spawning grounds and herring preference, 

2) Determi nation of egg densit ies fo r  varied substrates,  

3 )  Timing and temperature of spawning, 

4 )  Egg development, 

5 )  Estimates of egg mortality for  varied densit ies and substrates,  and 

6 )  Predation. 

I n i t i a l  studies were also conducted to evaluate the use of underwater te le-  
vision s t i  11  photography and observer estimates as a1 ternative methods to  
deternii ne the density of herring eggs. 

The studies were conducted throughout Southeastern Alaska. Index of l inear 
miles of beach receiving spawn was documented on a time and funds available 
basis for  known spawning areas. This index has been calculated by the Depart- 
ment of Fish and Game ( A D F & G )  on a limited basis since statehood and by the 
U.S. Bureau of Commercial Fisheries prior t o  1960. Comprehensive studies on 
selected spawning ground have been conducted annually since 1976 targeting 
on sac roe harvest areas. Figure 1 i l l u s t r a t e s  the areas studied. 

The obtained baseline information will be used t o  determine the f ea s ib i l i t y  
for  developing a survey method for annually assessing herring escapement and 
spawning ground conditions in Southeastern Alaska. 

E G G  DEPOSITION STUDIES 

Methods 

The following methods were used in the estimation of egg deposition. 



1. C r a l g  
2. Kah Shakes 
3. Cleveland Penn. 

(Helm Bay) 
4. E r n e s t  Sound 
5. Aluke Bay 

(Lynn Canal )  
6. S i t k a  
7. Seymour Canal  
8. Hydaburg 

( M c ~ a r l a n d  ~ s l a n d s )  
9. Kwain Bay 

(Ham I s l a n d )  
10.  Kasaan Bay 
11. Hood & Chaik Bay 
12. Gambier Bay 
13.  Skagway Hbr. 
14.  Davidson I n l e t  

(Marble I s l a n d )  
15. Three  Mile A r m  & 

Lower Rocky P a s s  
16. P o r t  Camden 
17 .  Tenakee 
18. P o r t  F r e d e r i c k  
19. P o r t  A l t h o r p  
20. L i s i a n s k i  
21. P e r i l  S t r a i t s  
22. Goddard G Windy Passage  

F i g u r e  1. S o u t h e a s t e r n  spawning s t u d y  a r e a s  1978, 1979, and 1980. 



Index of Beach Receivi ng Spawn : 

A n  index reported as l inear miles of beach receiving spawn was determined by 
aer ia l  and boat surveys in Southeastern Alaska. 

Aerial surveys were conducted on a periodic schedule to  document presence of 
eggs on in te r t ida l  kelp, mil t  present in the water, herring schools, and bird 
and sea mammal ac t iv i ty .  Most types of small a i r c r a f t  were acceptable with a 
Cessna 180 or 185 type airplane ideal allowing fo r  greater range over a Super 
Cub  ( t radi t ional  f i sh  spotting a i rplane) .  In certain areas sk i f f s  were used 
to  monitor the coastl ine,  collecting the same information. 

Favorable weather conditions, experienced observers, and low t idal  conditions 
were pre-requi s i  t e s  t o  col lecting meaningful data. 

Comprehensive Spawning Ground Surveys : 

SCUBA divers were used to  col lec t  samples and t o  document biological and 
physical parameters on established transect l ines.  

Spawning study areas were delineated by systematic aerial  and boat surveys. 
Once the spawning area was defined transects were established a t  400 to  800 m 
(1/4 to  1/2 mi) intervals  along the beach. Transect l ines or compass courses 
were s e t  perpendicular to  shore measured a t  5 m in tervals .  Divers followed 
the transect  l ine  or compass heading until  spawn or vegetation disappeared. 
Data collected included depth, temperature, substrate type, egg layers,  visual 
estimates of eggs in a 0.1 square meter frame, and subsequent collection of 
egqs and kelp from the frame. A se r i es  of photographs were taken of the frame 
and deposition fo r  comparison of the actual count from selected sample points. 
Sampling equipment used was as follows: 

1 ) 100 m 6.35 mm (1/4 i n )  nylon l ine  graduated a t  5 m intervals  with 
florescent orange surveyor tape and weighted a t  each end. The l ine  
was coiled into a garbage can and la id  by ski f f  perpendicular to  
the shore. 

2) 0.1 square meter sample frame made from perforated 18.30 mm (3/4 i n )  
p las t ic  pipe. A pocket meat thermometer and photoqraph index ref-  
erence was permanently mounted on the sample frame. 

3 )  Small sample bags (approximately 2 l i t e r  (0 .5  gallon capacity) and 
a larger diver collect ion bag to  hold individual samples. 

4)  Standard diving equipment including depth gauge, compass, and 
underwater timer. 

5 )  Underwater s t i l l  photographic equipment. 

A )  Flash meter 

B )  Ni konva I I I camera 

( 1 )  28 mm lens 



( 2 )  Close l e n s ,  12-28 Hydrophoto 

( 3 )  Viewfinder, Novatek S-75 

C )  S t robes  

( 1 )  Oceanic - Faral lon ( rechargab le )  05-2001 

( 2 )  Slave (Oceanic - Faral lon 2000) 

D )  Mount 

(1 ) Oceanic - Faral lon 

a .  21-1003 Universal shoe w/grip 

b. 09-1 103 Arm knuckle 

c .  09-1001 Ball j o i n t  arm 

E )  Environmental ca r ry ing  case  - Oceanic - Faral lon 11-1000 

Photographs were taken a t  approximately 533 mm (21 i n )  which covers t he  sample 
frame a rea .  P i c tu r e s  were taken with  ASA 200 f i lm a t  1/30 of  a  second and 
bracketed over var ious  camera s e t t i n g s .  

Kelp and egg samples were t r a n s f e r r e d  from t h e  d ive r s  bag t o  4 l i t e r  ( g a l l o n )  
s i z e  water t i g h t  z i p  lock bags and preserved i n  Gilson f l u i d  f o r  l a t e r  labora-  
t o ry  ana ly s i s .  Only a  small amount, 114 t o  1/2  l i t e r  (1/2  t o  1 p i n t ) ,  of 
Gilson f l u i d  was added t o  t he  sample f o r  p rese rva t ion .  Approximately 19 l i t e r  
( f i v e  gal l on )  of Gi 1  son f l u i d  can be prepared in t he  following manner: 

228 g  - Hg C12 

76 ml - Glacial  Acetic Acid 

285 ml - 7070 N i t r i c  Acid 
1140 ml - Anhydrous Alcohol 

17480 ml - H20 

Preserved samples a r e  then taken t o  the  l abora tory  f o r  chemical separa t ion  
and counting.  General l abora tory  methods a r e  discussed by Blankenbeckler 
(1976).  The fol lowing i s  a d e t a i l e d  procedure f o r  determining egg d e n s i t i e s  
from col l e c t ed  samples: 

1 )  Decant t he  Gi lson f l u i d  from the  sample bags. 

2 )  Add INKOM t o  the  sample bag and thoroughly mix through the  sample. 
Allow the  sample t o  soak f o r  1 .5  hours i n  KOH d ige s t i ve  hydro lys i s .  
Placing the  sample bag i n  a  hot water bath acce l e r a t e s  d ige s t i on  
( ee l  g rass  can s tand a  s t rong  d ige s t i on ,  while o the r  kelps d i s i n t e -  
g r a t e  quickly impeding egg s o r t i n g s )  . 



3 )  Drain o f f  #OH and place sample i n  a  4 l i t e r  ( g a l l o n )  p l a s t i c  
bucket. 

4) Repeated cold water washes of  t he  sample w i l l  loosen many of t he  
a t tached eggs. Decant and f i l t e r  each wash through a  f i n e  mesh 
s i eve .  Majority of t he  eggs i n  the  sample can be removed and 
co l l e c t ed  froin t he  f i l t r a t e .  

5 )  The remaining eggs must be cleaned from the  s u b s t r a t e  by ca re fu l  
manual scraping.  The loose eggs must be c lean of kelp deb r i s  f o r  
accura te  volumetric ana ly s i s .  

6 )  Hand count and record a l l  eggs t h a t  a r e  l o s t  o r  cannot be cleaned 
from the  s u b s t r a t e .  

7 )  The loose egg sample must be a1 lowed t o  soak i n  1.0 N buffered 
formal s a l i n e  so lu t i on  f o r  approximately 24 hours t o  assure  a  
s tandardized vol umetri c  displacement.  

8 )  The prel iminary s t e p  i n  q u a n t i t a t i v e  ana ly s i s  i s  t o  determine t he  
s tandard displacement of 1,000 eggs. This i s  done by handcounting 
1,OCO eggs from a number of samples and determining t he  average 
displacement.  

9 )  Hand count t o t a l s  a r e  added t o  t he  sample displacement and t h i s  
f i g u r e  i s  expanded by a  f a c t o r  of 10 t o  determine eggs/m2 a t  each 
sample s t a t i o n .  One techn ic ian  can work up approximately s i x  
samples per day a t  a chemical c o s t  of approximately $2.00 per 
sample. 

Chemical a r e  prepared a s  follows : 

1 )  IN KOH - 1 equ iva len t  weight = 56.11 g  KOH per l i t e r .  

2 )  Buffered formal s a l i n e .  

A )  IN NaCl - 1 equ iva len t  weight - 58.44 g  NaCl per l i t e r .  

Buffer t o  PH 6 .5  

Buffer by adding following g sodium 
Bicarbonate per l i t e r  IN NaCl = 

Addition P H 
2.5  6.5-t 
2.0 6 .5  
1 .5  6.0+ 
1 . O  6.0  

B )  Add 1 pa r t  30% formalin t o  10 p a r t s  buffered s a l i n e .  



Results -- 

The following baseline data for  Boca de Quadra, Kasaan Bay, Helm Bay, Three- 
mile Arn~, Si tka ,  Juneau, and Seymour Canal i s  suliimarized in Tables 1 through 
7 

1 )  Year data collected.  

2 )  Spawning time. 

Period in which ac t ive  spawning observed from aerial  or s k i f f  
surveys . 

3 )  Samplina time. 

Period i n  which comprehensive diving surveys were conducted. 

4 )  Linear niiles of beach receiving spawn. 

Extent of spawn related to  miles of beach receiving spawn documented 
from aer ia l  and/or sk i f f  surveys. A summary of l inear  miles of 
beach receiving spawn fo r  a l l  areas surveyed in Southeastern Alaska 
i s  shown in Table 8. Location of conlprehensive studies including 
sampling transects  in Figures 2 through 13. 

5 )  Estimates of herrin? eggs present a t  time of survey. 

The number of eggs i s  calculated by determining the area receiving 
spawn and applying the density computed fo r  each t ransect ,  Large 
var ia t ions  in density and area receivinq spawn has been documented 
during the study period. 

6 )  Herring average standard length, weight , and fecundity. 

This data i s  calculated from on the ground project sampling and 
from commercial catches. The data i s  used t o  r e f l e c t  stock con- 
di t i  on, commerci a1 qua1 i ty  , and i nforniati on needed t o  compute 
biomass available.  Summary of data used t o  compute average 
fecundity i s  shown in Table 9. 

7 )  Escapement computed from egg dens i t ies .  

Escapement in pounds of mature herring i s  computed from t h e  follow- 
ing formula for  each separate t ransect :  

E = ---- A X =  X C X W X P  
F 

Where 

E = Escapement c = 2 (account for  males) 
D = Density average (assuming 50:50 sex r a t i o )  
F = Fecundity average w = Weight average 

P = Predation fac tor  



T a b l e  1. Summary o f  L:~C;I c o l l e c t e d  i n  r e s e a r c h  s t u d i e s  n e a r  Boca d e  Quadra 1976 t h r o u g h  1 9 8 0 .  

ESTIMATE 
LINEAR OF EGGS 
MILES PRESENT 
OF BEACH AT TIME 

SPAWNING SAMPLING RECEIVING OF SUR E 
YEAR TIME TIME SPAWN x 10 8 

HERRING 
AVERAGE HERRING ESCAPEMENT 
STANDARD AVERAGE INCLUDING ACOUSTICAL COMMERCIAL, 
LENGTH IN WEIGHT AVERAGE PREDATION ESTIMATE OF HARVEST IN 
MILLIMETERS IN POUNDS FECUNDITY FACTOR ABUNDANCE POUNDS X 10' 

TOTAL 
HERRING % POUNDS OF % AGE DEPTH IN TIDAL DEPTH TEMPERATLXE WEATHER 

BIOMASS HARVEST HERRING PER COMPOSITION FEET PREFERENCE RANGE FOR P M T O N  B I R D  CONDITIONS 

IN POUNDS OF LINEAR MILE OF SPAWN FOR SPAWNING SPAWING BLOON ACTIVITY DURING 

Sub -48 

222.0 

227 .0  

1 9 1 . 4  

. 8 5  

1 . 6 6  

.30  

.34 

. 2 2  

20,000 

33 ,309  

1 1 . 4  

8 . 0  

N.A. 

224 .0  

N.A. 

N.A. 

. 3 3  

. 3 8  

33 ,309  

35 ,244  

22 ,948  

1 1 . 3  

2 1 . 6  

30 .9  

N. A. 

N.A. 

N.A. 

. 35  

1 . 0 0  

2 .20  





T a b l e  3.  Summary o f  d a t a  c o l l e c t e d  i n  r e s e a r c h  s t u d i e s  a t  H e l m  Bay 1 9 7 6  t h rough  1980. 

N . A .  

ESTIMATE 
LINEAR OF EGGS HERRING 
MILES PRESENT AVERAGE HERRING ESCAPEMENT 
OF BEACH AT TIME STANDARD AVERAGE INCLUDING ACOUSTICAL COMMERCIAL 

SPAWNING SAMPLING RECEIVING OF SUR EY LENGTH IN WEIGHT AVERAGE PREDATION ESTIMATE OF HARVEST IN 
YEAR TIME TIME SPAWN x 10' MILLIMETERS IN POUNDS FECUNDITY FACTOR ABUNDANCE POUNDS X l o 6  

-0- 

-0- 

-0- 

-0- 

-0- 

20,000 1.8 

I 

N . A .  

I 

.33 

I 

1976 

1977 

1978 

19 79 

1980 

I - U3 

28 220-229 

2.0 

3 .2  

.5  

3.4 

1 . 5  

V a r i e s  , 

o v e r  
l o n g  
p e r i o d  

41 28 

' 

5 / 4  
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Table 7. Summary of data collected in research studies Seymour Canal 1976 through 1980. 

W 
I 

TOTAL 
HERRING % POUN'DS OF % AGE DEPTH IN TIDAL DEPTH TJDfPEKA'iLXE WEATSEX 
BIOMASS HARVEST HERXING PER CQXPOSITION FEET PREFERENCE RANGE FOR P U T O N  i3iiG3 CON3ITIOXS 
IN POUNDS OF LIKEAR MILE OF SPAW FOX SPAWXING SPALYING BLOOM ACTIVITY DURIXG 

ESTIMATE 
LINFA OF EGGS HERRING 
MILES PRESENT AVERAGE HERRING ESCAPEMENT 
OF BEACH AT TIME STANDARD AVERAGE INCLUDING ACOUSTICAL COMMERCIAL 

SPAWNING SAMPLING RECEIVING OF SUR N LENGTH IN WEIGHT AV EMGE PREDATION ESTIMATE OF HARVEST IN 
YEAR TIME TIME SPAWN x 10' MILLIMETERS IN POUNDS FECUNDITY FACTOR ABUNDANCE POUNDS X l o 6  

1.57 

-0- 

- -I 

22,948 

16,911 

. 2 3  

.15 , 

I 

19 7 6 

1977 

1978 

1979 

1980 

I 

1.18 

12.15 

45.0 

667.0 

7.5 

N . A .  

195 

170 

3 .3  

4.5 

I 

5/9-5/12 5114-5/16 

5/15-5/16 



T a b l e  8. S u m m a r y  of l i nea r  m i l e s  of beach receiving he r r ing  s p a w n  i n  Southeast  Alaska. 

YEAR AND LINEAR M I L E S  OF  BEACH SPAWN OBSERVED 

LOCATION 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1.970 

CRAIG 12.2 11.7 13.6 11.6 11.5 12.6 3.5 11.5 11.2 12.3 14.2 12.4 3.2 11.7 

IGW SHAKES - B o c a  de Q u a r d r a  
SHORE NAKAT 7.9 9.2 3.4 2.5 5.7 7.0 

CLEVELAND PENN. 
BEHM CANAL 5.9 6.4 3.5 5.9 7.8 5.5 2.0 

ERNEST SOUND 
ROCKY BAY 7.5 2.6 

AUKE BAY 

- LYNN CANAL 8.2 9.4 12.2 10.0 28.1 24.1 10.8 12.9 11.5 
Inc ludes  all of S i t k a  A r e a  S i t k a  S o u n d  only 

S I TKA TO DOROTHY NARROWS 100.0 79.8 92.8 45.9 44.5 19.2 20.8 23.0 15.0 16.5 15.0 11.3 

HYDABURG 
, McFARLAND ISLAND 8.0 9.0 7.8 5.0 4.5 
2 

f W A I N  BAY 

SKAGWAY HARBOR 

DAVIDSON IN./MARBLE ISLAND 

THREE MILE ARM LOWER ROCKY P A S S  

TENAKEE I N L E T  

PORT FREDERICK 

PORT ALTHORP 

L I S I A N S K I  I N L E T  - 
P E R I L  S T R A I T S  

GODDARD 

WINDY PASSAGE & SOUTH 
- L o n t l  nued- 



Tab le  8 .  S u m m a r y  o f  l i n e a r  m i l e s  o f  beach  r e c e i v i n g  h e r r i n g  spawn i n  Southeast Alaska  ( c o n t i n u e d ) .  

YEAR AND LINEAR MILES OF BEACH SPAWN OBSERVED 

LOCATION 1971 1972 1973 1974 1975 1976 1977 1978 1979 1960 

CRAIG 4 .5  7 . 5  7 . 1  2 . 8  3 .5  1 . 0  1 . 0  

KAH SHAKES - Boca de Quadra 
SFORE NAKAT 0 . 5  6 .0  11 .0  9 .5  1 1 . 3  5 .5  3 .75  12 .5  

CLEVELAND PENN. 
BEHM CANAL 3 .0  1 . 0  2 .0  1 . 0  3.2 - 5  3 .4  2 . 5  

ERNEST SOUND 
ROCKY BAY 3 .0  3 .0  3 .0  2 .2  3 .5  4 .0  

AUKE BAY 
LYNN CANAL 8 . 5  1 0 . 6  1 3 . 2  10 .9  1 5 . 9  9 . 7  9 .2  5.75 1 3 . 3  

S I T K A  TO DOROTHY NARROWS 
S i t k a  Sound o n l y  

1 3 . 1  10 .8  7 .5  6 . 5  8 . 0  10 .0  6 .0  9 . 8  23 .5  49 .0  

SEYMOUR CANAL 3.0 4 . 5  3 .2  2 .5  3.3 1 . 1 2  4 .5  

HY DABURG 
, McFARLAND ISLAND 4.0 1 . 8  0 . 7  C.7 . 5  2 . 0  1.0 
-I 

KWAIN BAY 
HAM ISLAND 3.0 3 . 0  3 .0  3.2 -1 .1 2.0  

KASAAN BAY 4 .0  1 . 0  1 . 0  1 . 0  1 . 0  4 . 0  2 . 5  .1 2.25 - 5  

HOOD & CHAIK BAY 1 . 5  10,O 2 .0  1 . 7  3 .4  2 . 3  1 . 7  1 . 7  1 . 0  - 

GAMBLER BAY 0.5 

SKAWAY HARBOR 1 . 0  

DAVIDSON IN./MARBLE ISLAND 1 . 0  1 . 0  1 . 0  1 . 0  

THREE MILE ARM LOWER ROCKY P A S S  - 4  1.50  1 . 0  

PORT CAMDEN 0 . 3  . 2  1 . 5  5 .25  

TENAKEE I N L E T  3 .4  6.0 4 . 0  

PORT FREDERICK 1.1 1 . 5  

PORT ALTHORP 2.3 1 . 0  

L I S I A N S K I  I N L E T  1 . 3  1 . 0  - 2 5  

P E R I L  S T R A I T S  3 . 5  5 . 3  . 5  

GODDARD 1 . 2  

WINDY PASSAGE & SOUTH 1 . 5  1 3 . 7 5  



























Table 9.  Summary o f  Southeastern  h e r r i n g  f e c u n d i t y  by age c l a s s  and l e n g t h  i n t e r v a l  
f o r  y e a r s  1970, 1971, 1972,and 1973. 

Length 
1 Fecundity Average 

I n t e r v a l  (F1F1) Frequency Range Fecundity 
151 - 160 1 9,450 
161 - 170 2 3 5,670 - 17,055 11,870 
171 - 180 14 10,395 - 22,860 16,121 
181 - 190 12 10,395 - 24,635 12,185 
191 - 200 177 9,450 - 53,100 22,585 
201 - 210 54 9,450 - 56,700 24,911 
211 - 220 1 84 9,450 - 53,865 29,415 
221 - 230 162 14,135 - 57,700 36,351 
231 - 240 6 23,600 - 54,810 34,706 
241 - 250 3 39,690 - 70,875 53,865 

Average 
Age Frequency Fecundity 

I I 1 9,450 
I1  I 

I v 
v 

V I 
VI I 

VIII 
I X 

X 
XI 

XI I 
XI11 

1 Based on samples c o l l e c t e d  a t  Auke Bay, B r i d g e t t  Cove, Helm 6ay, Deer I s l a n d ,  Craig ,  S i t k a  
Scow Bay, Seymour Canal, Farragut  Bay and McFarland I s l a n d .  

The f i s h  were ass igned an ann iversa ry  d a t e  f o r  each complete. growing season.  All samples 
c o l l e c t e d  were taken a f t e r  growth had ceased i n  t h e  fa1 1 and before growth had resumed in  
the s p r i n g .  For example, i f  a f i s h  was hatched i n  t h e  s p r i n g  of 1972 and c o l l e c t e d  i n  t h e  
f a l l  of 1973, two growing seasons were assumed; and t h e  f i s h  recorded a s  age 11. 



8 )  Acous t i ca l  e s t i m a t e  o f  biomass. 

An es t ima te  o f  biomass computed f rom sys temat i c  a c o u s t i c a l  surveys 
f o r  comparison t o  spawning es t ima tes .  

9 )  Commercial ha rves t .  

Harvest  o f  h e r r i n g  i n  pounds f rom commercial g i l l n e t s  and/or  purse 
se ines . 

10)  T o t a l  biomass a v a i l a b l e .  

T o t a l  biomass i s  computed by adding t h e  commercial h a r v e s t  t o  t h e  
escapement. 

11) Percent  h a r v e s t  o f  a v a i l a b l e  biomass. 

T h i s  f i g u r e  r e f l e c t s  t h e  percentage o f  t h e  biomass a v a i l a b l e  taken  
by t h e  commercial f i s h e r y .  

12)  Pounds p e r  l i n e a r  m i l e .  

R e f l e c t s  t h e  biomass v a r i a t i o n  p e r  l i n e a r  m i l e  o f  beach r e c e i v i n g  
spawn. 

13)  Percent  age compos i t ion .  

R e f l e c t s  t h e  age compos i t ion  t o  d e t e c t  s t r o n g  y e a r  c lasses  and 
assess r e c r u i t m e n t .  For example Age I11 h e r r i n g  i s  d e f i n e d  as 
r e c e i v i n g  t h r e e  summers growth. 

1 4 )  Depth i n  f e e t  spawning observed. 

Depth re fe renced  t o  ze ro  t i d e  i s  documented where spawn observed. 

15)  Depth p re fe rence  f o r  spawning. 

Percent  o f  spawn recorded f o r  upper i n t e r t i d a l  , mid,  l ower ,  
and s u b t i d a l  l e v e l .  

16)  Temperature range d u r i n g  spawning. 

Degree f a h r e n h e i t  temperature recorded d u r i n g  sampl ing t ime  p e r i o d .  

17) P lankton bloom observed. 

D e n s i t y  o f  p lank ton  bloom recorded as 1 i g h t  [ v i  s i  b i  1 i t y  g r e a t e r  t han  
6.1 m (20 f t ) ] ,  medium [1.8 t o  6.1 m (6  t o  20 f t ) ]  v i s i b i l i t y ,  and 
heavy [ l e s s  than 1.8 rn ( 6  f t )  v i s i b i l i t y  by d i v e r s .  

18)  B i r d  a c t i v i t y  observed. 



Predation by scoters  and gulls  was reported as heavy, medium, o r  
l i g h t  a t  the discret ion of the observer. Numbers are  in the 
thousands with scoters  preying mainly on subtidal eggs and sea 
gulls  on exposed eggs a t  low t i d e  levels .  

19) Weather conditions during incubation. 

Presence of strong inshore winds was noted as an indicator  of egg 
loss from dislodging of vegetation and spawn. 

SPECIAL STUDIES 

The following data f o r  special s tudies conducted on Southeastern spawning 
grounds i s  as follows: 

Herring Spawning Substrate Analysis 

Substrate type observed wi t h  spawn i s documented a t  comprehensive study areas.  
Substrate i s  typed as t o  vegetation as follows: 

R = Bare rock 

s = Sand 

F = Includes upper in te r t ida l  kelp 

FUCUS - Rock weed CONSTATINCA - Cup and saucer 

PORPHYRA - Red laver ULUA - Sea le t tuce  

CODIUM - Sea staghorn ENDOCLADIA - Nail brush 

RHODOMELA - Black pine RHODYMENIA - Dul se 

EG = Includes midtide t o  lower t ida l  kelp. 

ZOSTERA - Eel grass 

LBK = Includes large brown kelp which occur in lower t ida l  and subtidal 
areas.  

LAMINARIA - Sea g i rd le  
- Sugar Wrack 
- Blis ter  Wrack 

COSTARIA - Seersucker 

CYAMATHERE - Triple r i b  

ALAR I A  - Wing kelp 



AGARUM - Sea colander 

MACROCYSTIS - Giant kelp 

NEREOCYSTIC - Ribbon kelp o r  bu l l  kelp 

I t  should be noted t h a t  t h e  vegetat ion u t i l i z e d  by Southeastern herr ing f o r  
spawning i s  no t  complete b u t  serves  as i n i t i a l  documentation. 

Subs t ra te  occurrence w i t h  observed spawn i s  summarized including d is tance  
from t h e  beach by area and t r a n s e c t s  i n  Table 10 through 20. 

Density of eggs by subs t r a t e  type is  summarized f o r  Boca de Quadra f o r  1979 
and 1980 i n  Tables 27 and 22. 

Percent cont r ibu t ion  of s u b s t r a t e  type i n  terms of t o t a l  deposi t ion for Boca 
de Quadra, S i t k a ,  Juneau, and Seymour Canal is summarized i n  Table 23. 

Visual Estimate Analysis 

Visual es t imates  ins tead  of  l abora tory  counts were t e s t e d  f o r  accuracy t o  
determine a rapid method o f  assess ing  herr ing spawning ground deposi t ion.  
Visual es t imates  were compared t o  ac tua l  l abora tory  counts. Comparisons 
a r e  sumar i zed  by years  t e s t e d  and observers  in  Table 24. 

Photography Analysis 

Photographs were taken of t he  sample frame t o  test f e a s i b i l i t y  of counting 
eggs t o  determine densi ty .  A s e r i e s  o f  photographs were taken a t  10 m (32.8 
f t )  i n t e r v a l s  sy s t ana t i ca l  l y  on t h e  e s t ab l i shed  t r a n s e c t  1 ines  a t  Boca de 
Quadra and Seymour Cana7. The photographs were taken a t  approximately 53.3 
cm (21 i n )  which covered t h e  sample frame a rea ,  P ic tures  were taken w i t h  
ASA 200 f i lm  a t  1/30 of a second and bracketed over var ious camera s e t t i ngs .  
I t  was not poss ib le  t o  count number of  eggs due t o  vegetat ion coverage and 
v a r i a b i l i t y  i n  q u a l i t y  o f  p ic tu re s .  

An experiment using underwater t e l ev i s ion  was conducted under an equipment 
lease  agreement t o  determine the  f e a s i  b i  1 i t y  of using uhderwater t e l ev i s ion  
as  a rriethod t o  es t imate  egg d e n s i t i e s  and o t h e r  l i f e  h i s to ry  information 
such a s  subs t r a t e  type. The i n i t i a l  experiment was conducted p r i o r  t o  spawn- 
ing  i n  a shallow bay over an ee l  g rass  (zostera) bed. The method u t i l i z e d  
two d ivers  and a technician aboard a support vesse l .  A hand held video camera 
t raced the t r a n s e c t  line along the  bottom. The video s igna l  was monitored by 
the support vessel  w i t h  communication t o  t he  d ivers  f o r  d i r ec t i on  t o  produce 
the  bes t  p ic ture .  The support vessel  video taped the experiment f o r  l a t e r  
playback and f o r  a permanent record of the experiment. Due t o  a lack of  
c l a r i t y  and poor .qua1 i t y  of p i c tu re s ,  egg d e n s i t i e s  could not  be ca lcu la ted .  
Photography, however, would be valuable  i n  documenting s u b s t r a t e  and bottom 
condi t i  ons . 
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1 
Tab le  21. Her r ing  egg numbers computed from l a b o r a t o r y  count  by v e g e t a t i v e  t y p e  p e r  sample and m 2 

Boca de  Quadra 1979.  

RANGE AVERAGE 
SAMPLE SAMPLE 
1 / 1 0  m2  METER^ 1 / 1 0  m2 METER 2 SAMPLES 

LBK 318,390 3,183,900 83,095 830,950 54 

T o t a l  1 5 5  

1. Vege ta t ive  Type 
I 
P 
CI, 
I F - i n c l u d e s  upper i n t e r t i d a l  k e l p  

Fucus - rock  weed Cons tan t inea  - cup & s a u c e r  
Porphyra - r e d  l a v e r  Ulva - s e a  l e t t u c e  
Codium - s e a  s t a g h o r n  Endocladia  - n a i l  b rush  
Rhodomela - b l a c k  p i n e  Rhodymenia - d u l s e  

EG - i n c l u d e s  midwater  t o  lower t i d a l  k e l p  
Z o s t e r a  - e e l  g r a s s  

LBK - i n c l u d e s  lower t i d a l  l a r g e  brown k e l p .  
Laminar ia  - s e a  g i r d l e  C o s t a r i a  - s e e r s u c k e r  Agarum - s e a  c o l a n d e r  
Laminar ia  - s u g a r  wreck Cyamathere - t r i p l e  r i b  Macrocys t i c  - g i a n t  k e l p  
Laminar ia  - b l i s t e r  wreck A l a r i a  - wing k e l p  N e r o c y s t i s  - r i b b o n  k e l p  

H - i n c l u d e s  lower t i d a l  h a i r  t ype  k e l p  
Desmares t ia  - c o l o r  changer 
Odon tha l i a  - b r u s h  k e l p  
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Table  23. C o n t r i b u t i o n  of  s u b s t r a t e  t y p e  by y e a r  sampled i n  terms of p e r  c e n t  of  t o t a l  d e p o s i t i o n  
f o r  Boca de  Quadra, S i t k a ,  Juneau ,  and Seymour Cana l .  

AREA - 
PER CENT PER CENT PER CENT PER CENT PER CENT PER CENT TOTAL 

YEAR F. L.B.K. E.G. H. R. S. PER CENT - 

Boca de Quadra 1979 15 3 1 2 5 27 1 1 100 

Boca de Quadra 1980 15 3 7  34 1 0  1 3 100 

S i t k a  1978 26 25 29 20 0  0 100 

Juneau 1980 3 9 3 0  4 0  0  100 

Seymour Canal  1980 - 4 0  25 - 11 - 2 4  - 0  - 0  - -- 100 

Average 20 4 2  1 9  17  1 1 

1. S u b s t r a t e  t y p e s  

F. - i n c l u d e s  upper  i n t e r t i d a l  k e l p  

Fucus - r o c k  weed 
Porphyra  - r e d  l a v e r  
Codium - sea s t a g h o r n  
Rhodomela - b l a c k  p i n e  
C o n s t a n t i n e a  - cup & s a u c e r  
Ulva - sea l e t t u c e  
Endoc lad ia  - n a i l  b rush  
Rhodymenia - d u l s e  

E.G.- i n c l u d e s  mid t o  low t i d e  l e v e l s  

Z o s t e r a  - e e l  g r a s s  

L .  B.K.-  i n c l u d e s  low and s u b t i d a l  k e l p  

Laminar ia  - sea g i r d l e  
- s u g a r  wrack 
- b l i s t e r  wrack 

C o s t a r i a  - s e e r s u c k e r  

Agarum - s e a  c o l a n d e r  
Macrocys t i s  - g i a n t  k e l p  
N e r o c y s t i s  - r ibbon  k e l p  

H .  - i n c l u d e s  sub  t i d a l  h a i r  t y p e  k e l p  

Desmares t i a  - c o l o r  changer  
Odon tha l i a  - brush  k e l p  

Cyamathe're - t r i p l e  r i b  
Alaria - wing k e l p  



Tab le  24. Comparison of v i s u a l  estimates v e r s u s  l a b o r a t o r y  c o u n t s  from Boca d e  Quadra 1979-1980, 

Observer  David S t r e e t  1979 

E r r o r  % of 
V i s u a l  Labora to ry  Labora to ry  
Es t ima te  Count Obse rva t ions  Count 

F 320,000 472,387 6 67.7 
EG 716,000 356,390 1 2  200.0 

LBK 18,000 10 ,959 2 164.0 
H 310,000 586,690 - 5 52.8 

TOTAL 1,364,000 1,426,426 25 95.6 

Observer  Dennis Blankenbeckler  1979 

Observer  Bob Larson 1979 

E r r o r  % of 
V i s u a l  Labora tory  Labora to ry  
E s t i m a t e  Count -- Observa t ion  Count 

231,000 349,200 4 66.0 
425,000 628,138 2 67.6 
207,000 487,189 3 42.5 
412,000 519,111 - 5 79 .3  

1,275,500 1,983,638 14 64.3 

Observer  Bob Larson 1980 

F 232,500 248,751 8 
EG 601,800 923,019 1 2  

LBK 1,059,050 1,547,654 25 
P H 769,500 rn 1,580,194 - 6 
I 
TOTAL 2,622,850 4,299,618 5 1 

Observer  Dennis  Blankenbeckler  1980 

E r r o r  % of 
V i s u a l  Labora to ry  Labora to ry  
E s t i m a t e  Count Obse rva t ion  Count 

F 700,000 958,151 1 75.0 
EG 1 ,391,000 1 ,631 ,571  1 6  85 .2  

LBK 1,109,000 1 ,444,725 1 2  76.7 
H 910,000 -- 714,940 4 127.2 

TOTAL 4,110,000 4,749,387 3 9 86.5 



Predat ion and Egg Loss Study 

Two permanent t r a n s e c t s ,  200 m i n  l e n g t h ,  were e s t a b l i s h e d  a t  Boca de Quadra 
immediately a f t e r  spawning i n  A p r i l  1978. Three s t a t i o n s  on each t r a n s e c t  
were covered w i t h  i s o l a t i o n  cages t o  prevent  b i r d  p reda t ion  y e t  a l l o w  egg 
removal from t h e  i n f l u e n c e  of o t h e r  exposure c o n d i t i o n s .  On each t r a n s e c t  
one cage was p laced i n  t h e  s u b t i d a l  reg ion ,  another a t  t h e  low water  mark, 
and t h e  t h i r d  a t  m id - t i de .  Sample s t a t i o n s  a t  10 m i n t e r v a l s  were sampled 
on a  repeated b a s i s  on t h e  permanent t ransec ts  t o  determine egg loss .  Due 
t o  surge c o n d i t i o n s  and o t h e r  p r o j e c t  work commitments, subsequent sampling 
was o n l y  conducted once, 4  days a f t e r  i n i t i a l  spawning. Inadequate sampling 
r e s u l t e d  i n  no data  a v a i l a b l e  t o  draw conc lus ions on Southeastern egg l o s s  o r  
p reda t ion .  Predat ion and o t h e r  egg m o r t a l i t i e s  has been est imated i n  Canada 
w i t h  v a r i e d  r a t e s .  Egg m o r t a l i t y  has been est imated a t  25-40% i n  Southeast- 
e rn  Alaska by Montgomery (1  958). 

T i d a l  Condi t ions Versus Time o f  Spawning - 

T i d a l  c o n d i t i o n s  were compared t o  observed t ime  o f  spawning a t  Boca de Quadra 
f o r  t h e  p e r i o d  1976 t o  1980. A summary o f  t h i s  data  i s  i l l u s t r a t e d  i n  F igu re  
14. No c o r r e l a t i o n  was observed between t i d e  c o n d i t i o n s  and t ime  o f  spawning. 

H e r r i n q  G i l l n e t  Drop Out Ana lys is  

Observations f o r  h e r r i n g  l o s s  f rom g i l l n e t  drop ou ts  a t  Boca de Quadra have 
been documented d u r i n g  sampling by d i v e r s .  Only a  few areas have i n d i c a t e d  
h e r r i n g  m o r t a l i t y ,  suggest ing no problems from drop outs.  

CONCLUSIONS 

1 ) The spawning t ime o f  Southeastern h e r r i n g  f o l l o w s  a  s p e c i f i c  t ime  p e r i o d  
(photoper iod)  r a t h e r  than r e l a t e d  d i r e c t l y  t o  temperature, t i d a l  stage, 
e t c .  

2)  Dens i t i es  r e l a t e d  t o  subs t ra te  t ype  a r e  as f o l l o w s :  
% 

Subst ra te  U t i  1  i z a t i o n  
H i  gh Est imate Average Est imate Boca de Quadra 

Subst ra te  Type per M 2  per MZ 1 979- 1  980 

F .  2.6 x  10" 519,120 
E.G. 3.5 x 106 679,300 
L.B.K. 4.2 x l o 6  697,640 
H. 2.9 x 106 1,500,000 
R. N. A. N.A. 
S. N.A. N.A. 

A l a r g e  v a r i a t i o n  i n  d e n s i t y  was observed because o f  t h e  e x t e n t  o f  egg 
d e p o s i t i o n  and subs t ra te  a v a i l a b l e .  I f  s u i t a b l e  k e l p  beds extend ing f a r  
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Active Spawn 
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Figure 14. Comparison o f  t i d a l  s tage t o  t ime o f  spawning a t  Boca de Quadra, 
1976- 1 980. 



o f f s h o r e  a r e  p resen t ,  combined w i t h  heavy d e p o s i t i o n ,  a smal l  l e n g t h  o f  
beach ( 1  i near mi  1 es )  can r e p r e s e n t  a 1 arge biomass o f  h e r r i n g  spawners. 
For example, s t u d i e s  a t  Boca de Quadra f o r  a 5-year p e r i o d  showed a 
range o f  0.7 t o  5.8 m i l l i o n  1b (317.5 t o  2,630.9 m t )  o f  spawners pe r  
l i n e a r  m i l e  o f  beach r e c e i v i n g  spawning. 

A l a r g e  v a r i a t i o n  i n  s u i t a b l e  s u b s t r a t e  ( k e l p  and sea grasses)  a v a i l a b l e  
was documented. Boca de Quadra f o r  example possesses k e l p  beds extend- 
i n g  f a r  o f f s h o r e  where o t h e r  spawning grounds (e.g., Three M i l e  Arm) have 
o n l y  l i m i t e d  upper i n t e r t i d a l  k e l p  p resen t .  Good s u b s t r a t e  mapping 
revea l  s  spawni ng p o t e n t i  a1 . 
Depth o f  spawnings was observed f rom +12 f t  (3.66 m) t i d a l  depth  t o  -36 f t  
(11 m) depth. Spawning was n o t  observed below t h i s  depth  due t o  t h e  l a c k  
o f  s u i t a b l e  h a b i t a t  ( k e l p  beds). I n  spawning area s t u d i e s ,  u s u a l l y  a t  
-40 f t  (12.2 in), t h e  bot tom s u b s t r a t e  changed t o  sand, mud, and i s o l a t e d  
ke lp .  Depth p re fe rence  f o r  spawning v a r i e d  f rom y e a r  t o  y e a r  and area t o  
area s t u d i e d .  Depth preference re fe renced  t o  t i d a l  zones f o r  areas s t u d i e d  
a r e  as f o l l o w s :  

Percent  Mid and Sub 
Area and Year Upper I n t e r t i d a l  Low T i d a l  T i d a l  T o t a l  

Boca de Quadra 1979 15 
1 980 15 

Juneau 1980 3 
S i  t k a  1978 2 6 
Seymour 1980 4 0 

Southeastern h e r r i n g  spawned a t  temperatures r a n g i n g  f rom 41" t o  49" F 
(5  t o  9.4 C ) .  

P lank ton blooms v a r i e d  cor respond ing t o  c l o u d  cover  c o n d i t i o n s .  P lank ton  
blooms were s u p e r f i c i a l l y  documented o n l y  as an i n d i c a t o r  t o  i n i t i a l  s u r -  
v i v a l  l a r v a .  

P reda t ion  s t u d i e s  were n o t  adequate t o  draw any meaningfu l  conc lus ions .  
Other s t u d i e s  conducted i n  B r i t i s h  Columbia and Southeastern Alaska i n d i -  
c a t e  25% egg l o s s  f a c t o r  w i t h  h i g h  v a r i a b i l i t y .  

Photography was v a l u a b l e  f o r  s u b s t r a t e  and bot tom c o n d i t i o n  documentation. 
Est imates o f  egg d e n s i t i e s  were d i f f i c u l t  because o f  a l a c k  o f  c l a r i t y  o f  
p i c t u r e s  and v e g e t a t i v e  cover.  

V i sua l  es t ima tes  show promise i n  deve lop ing  a f a s t  method o f  e v a l u a t i n g  
spawning grounds. Accuracy v a r i e d  among observers ,  b u t  was c o n s i s t e n t  
f o r  i n d i v i d u a l  observers .  Observers tended t o  underes t imate  egg numbers, 
e s p e c i a l l y  f o r  h i g h  va lues.  Need exper ienced d i v e r s  y e a r  t o  y e a r  f o r  
coniparable data .  

Age compos i t ion  and s i z e  computed f rom spawning ground sampl ing i s  va lu -  
a b l e  i n  documenting average l e n g t h ,  f e c u n d i t y ,  s t r o n g  y e a r  c lasses ,  and 
i n d i c a t o r  o f  r e c r u i t m e n t .  



11) T o t a l  biomass computed f rom surveys,  i n c l u d i n g  o t h e r  c o l l e c t e d  data ,  i s  
v a l u a b l e  f o r  e f f e c t i v e  management o f  t h e  resource.  T o t a l  biorilass ccin be 
computed f rom egg d e n s i t i e s  and area r e c e i v i n g  spawn. A percentage o f  
t h e  biomass can be used as a  h a r v e s t  l e v e l  f o r  t h e  n e x t  season. Ac tua l  
spawning t i m e  can be p r e d i c t e d  t o  a i d  i n  s e t t i n g  f i s h e r y  seasons. Age 
compos i t ion  and average s i z e  can be p r e d i c t e d  t o  p r o v i d e  i n f o r m a t i o n  on 
r e c r u i  tment and general  c o n d i t i o n  o f  s tock .  

12) Resu l ts  f rom spawn surveys where a c o u s t i c a l  es t ima tes  were made e a r l i e r  
were l ower  b u t  reasonab ly  c lose .  A c o u s t i c a l  es t ima tes  made on t h e  win-  
t e r i  ng s tocks  can i n c l u d e  non-spawners r e s u l t i n g  i n  h i  gher es t ima tes .  
Spawn es t ima tes  a r e  i n v a l u a b l e  e s p e c i a l l y  i n  areas where h e r r i n g  a r e  
d i s t r i b u t e d  b u t  where accu ra te  a c o u s t i c a l  es t ima tes  cannot  be made. 

13)  The spawning ground assessment f u n c t i o n  i s  t h e  most i m p o r t a n t  selment o f  
t h e  p r o j e c t .  Data generated i s  v a l u a b l e  f o r  management o f  t h e  resource.  
Spawning ground biomass a n a l y s i s  e l i m i n a t e s  problems i n  s t o c k  separa t i on  
and s e p a r a t i o n  o f  non-spawners. Spawning ground data  can be a  b a s i s  f o r  
deve lop ing  escapement goa ls  based on h a b i t a t  and e x t e n t  o f  d e p o s i t i o n .  

14) C o l l e c t i n g  i n f o r m a t i o n  on spawning ground u t i l i z i n g  SCUBA i s  v e r y  t i m e  
consuming. Problems encountered i n c l u d e :  c o l d  temperatures,  heavy seas, 
sea l i o n  a c t i v i t y ,  and o b t a i n i n g  l a r g e  vesse l  suppor t  f o r  t e n d e r i n g  d i v e r s .  

RECOMMENDATIONS 

1 )  Cont inue a n a l y s i s  on Southeastern spawning areas w i t h  p r i o r i t y  g i ven  t o  
sac r o e  commercial f i s h i n g  areas where hyd roacous t i c  biomass data  i s  n o t  
ava i  1  ab le .  

2 )  Cont inue s t u d i e s  on a  f a s t  r e l i a b l e  method o f  assessment, t a r g e t i n g  on 
a n a l y s i s  o f  v i s u a l  es t ima tes  o f  d e n s i t y .  

3) Prov ide  a  suppor t  vesse l  t o  t h e  p r o j e c t  d u r i n g  A p r i l  and May t o  conduct  
sampl i ng. 

4 )  Fol low-up p r e d a t i o n  s tudy  f o r  i n d i v i d u a l  areas.  

5 )  Develop v e g e t a t i v e  mapping as a  method o f  de te rm in ing  p o t e n t i a l  f o r  South- 
e a s t e r n  h e r r i n g  spawning grounds. Ass i s tance  f rom a  k e l p  taxonomi s t  t o  
i d e n t i f y  v a r i o u s  spec ies  i s  recommended t o  e s t a b l i s h  b a s e l i n e  data  o f  
k e l p  p resen t  i n  Southeastern.  

ACKNOWLEDGMENTS 

The au tho rs  w i s h  t o  acknowledge t h e  competent h e l p  o f  Tom Copeland, Dav id  
S t r e e t ,  and Laura Murph i n  c o l l e c t i n g  t h e  f i e l d  data  and l a b o r a t o r y  a n a l y s i s .  
Acknowledgment i s  a l s o  extended t o  Debra G e o f f r i o n  f o r  ass i s tance  i n  prepar -  
i n g  t h e  r e p o r t  and t o  Gary Gunstrom f o r  h i s  c o n s t r u c t i v e  c r i t i c i s m .  



LITERATURE CITED 

B l  ankenbeckler , W .D. 1976. P a c i f i c  h e r r i n g  (Clupea pallasii) spawning ground 
p r o d u c t i o n  i n  Southeastern Alaska,  1976. ADF&G Tech. Data Rpt. No. 27. 
1 3  PP. 

. 1977. P a c i f i c  h e r r i n g  (Clupea pallasii) spawning ground 
research i n  Southeastern Alaska,  1977. ADF&G Tech. Data Rpt. No. 37. 

Montgomery, D.T. 1958, 1959, 1960. H e r r i n g  spawning surveys o f  Southeastern 
Alaska, USF&WS. Bur. o f  Comm. F ish.  Mar ine F ish.  I n v .  F i e l d  Operat ions 
Report.  



T.-:a!j;o the &;ia:b c-:3?;;;:7c.t 5; Yidh &me receive 
k(113131 fufiding, a'l c i  i ls i;!ibllc proyaas and activities 
iiri! operzted free from discri;ri'::a!ion cil the basis of race, 
Cc:or, natirina! oiigiil, aye, or haxlicap. Any person who 
beiieves he cr slla has been discrimina!ed agalnst should 
write to: 

O.E.O. 
U.S. Department of the Interior 
Washington, D.C. 20240 


	TABLE OF CONTENTS
	LIST OF TABLES
	LIST OF FIGURES
	ABSTRACT
	INTRODUCTION
	EGG DEPOSITION STUDIES
	Methods
	Results

	SPECIAL STUDIES
	Herring Spawning Substrate Analysis
	Visual Estimate Analysis
	Photography Analysis
	Predation and Egg Loss Study
	Tidal Conditions Versus Time of Spawning
	Herring Gillnet Drop Out Analysis

	CONCLUSIONS
	RECOMMENDATIONS
	ACKNOWLEDGMENTS
	LITERATURE CITED



